A Gram-stain-negative, aerobic, non-motile and coccoid, ovoid or rod-shaped bacterial strain, designated JSSK-14 T 
the basis of the data presented, strain T is considered to represent a novel species of the genus Erythrobacter, for which the name Erythrobacter aquimixticola sp. nov. is proposed. The type strain is JSSK-14 T (=KCTC 52764 T =NBRC 112765 T ).
The genus Erythrobacter was proposed by Shiba and Simidu [1] with the description of a single species, Erythrobacter longus. At the time of writing, the genus Erythrobacter comprises 17 species with validly published names (http://www. bacterio.net/erythrobacter.html; [2] ). Phylogenetic analyses based on 16S rRNA gene sequences have shown that the genus Erythrobacter falls within the family Erythrobacteraceae of the class Alphaproteobacteria [3] . Members of the genus Erythrobacter have been isolated from marine organisms, a marine cyanobacterial mat, seawater, marine and mangrove sediments and a solar saltern [1, [4] [5] [6] [7] [8] [9] [10] [11] [12] . In this study, we describe a bacterial strain (designated JSSK-14 T ) that was isolated from a unique place, located at Jeju island of South Korea, where the ocean and a freshwater spring meet. Comparative 16S rRNA gene sequence analysis indicated that strain T is most closely affiliated phylogenetically to the genus Erythrobacter. The aim of the present work was to determine the exact taxonomic position of strain T by using a polyphasic characterization that included the determination of chemotaxonomic and other phenotypic properties, a detailed phylogenetic investigation based on 16S rRNA gene sequences and DNA-DNA hybridization.
A water sample was collected from the junction between the ocean and a freshwater spring, called Soesokkak, at Jeju island of South Korea, and used as a source for the isolation of bacterial strains. Strain JSSK -14 T was isolated by the standard dilution plating technique at 25 C on marine agar 2216 (MA; DB Difco) and cultivated routinely at 30 C on MA. Cell mass of strain JSSK-14 T for DNA extraction and for the analyses of isoprenoid quinones and polar lipids was obtained from cultures grown for 3 days in MB at 30 C. Chromosomal DNA was extracted and purified using the method of Yoon et al. [13] , with the modification that RNase T1 was used in combination with RNase A to minimize contamination with RNA. The 16S rRNA gene was amplified by PCR as described previously [14] using two universal primers, 9F (5¢-GAGTTTGATCCTGGCTCAG-3¢) and 1512R (5¢-ACGGTTACCTTGTTACGACTT-3¢). Sequencing of the amplified 16S rRNA gene and phylogenetic analysis were performed as described by Yoon et al. [6] . The almost-complete 16S rRNA gene sequence of strain JSSK-14 T , comprising 1409 nucleotides and representing approximately 95 % of the Escherichia coli 16S rRNA gene sequence, was determined in this study. In the neighbourjoining phylogenetic tree based on 16S rRNA gene sequences, strain JSSK-14 T fell within the clade comprising the type strains of species of the genus Erythrobacter, clustering coherently with the type strain of Erythrobacter gangjinensis by a bootstrap resampling value of 98.9 % (Fig. 1) . The relationship between strain JSSK-14 T and the type strain of Erythrobacter gangjinensis was also found in the trees reconstructed using the maximum-likelihood and maximum-parsimony algorithms (Fig. 1) 2+ ions and hydrolysis of gelatin and urea were determined as described by Park et al. [15] . Growth at 4, 10, 20, 25, 28, 30, 35, 37 and 40 C was measured by observing the formation of colonies on MA to estimate the optimal temperature and temperature range for growth. Growth at various concentrations of NaCl (0, 0.5 and 1.0-8.0 %, at increments of 1.0 %) was investigated by supplementing with appropriate concentrations of NaCl in marine broth 2216 (MB) prepared according to the formula of the DB Difco medium without NaCl. Catalase and oxidase activities were determined as described by L anyí [16] . Hydrolysis of casein, starch, hypoxanthine, L-tyrosine and xanthine was tested on MA using the substrate concentrations as described by Barrow and Feltham [17] . Hydrolysis of aesculin and Tween 80 and nitrate reduction were investigated as described previously by L anyí [16] with the modification that artificial seawater [18] was used for the preparation of media. Utilization of various substrates for growth was tested according to Baumann and Baumann [19] using supplementation with 2 % (v/v) Hutner's mineral salts [20] and 1 % (v/v) vitamin solution [21] . Susceptibility to antibiotics was tested on MA plates using antibiotic discs (Advantec) containing the following (g per disc unless otherwise stated): ampicillin (10), carbenicillin (100), cefalotin (30) , chloramphenicol (100), gentamicin (30) , kanamycin (30) , lincomycin (15) , neomycin (30) , novobiocin (5), oleandomycin (15) , penicillin G (20 IU), polymyxin B (100 IU), streptomycin (50) and tetracycline (30) . Enzyme activities were determined, after incubation for 8 h at 30 C, by using the API ZYM system (bioM erieux); the strip was inoculated with cells suspended in artificial seawater from which CaCl 2 was excluded to avoid the formation of precipitates. For in vivo pigment-absorption spectrum analysis, strain JSSK-14 T was cultivated aerobically in the dark at 30 C in MB. The pigment absorption spectrum was analysed as described by Rainey et al. [22] . The culture was washed twice using centrifugation with a MOPS buffer (MOPS/NaOH, 0.01 M; KCl, 0.1 M; MgCl 2 , 0.001 M; pH 7.5) and disrupted by means of sonication (VC505; Sonics and Materials). After removal of cell debris by centrifugation, the absorption spectrum of the supernatant was examined at 300-950 nm using an Eon Microplate spectrophotometer (Biotek). Morphological, cultural, physiological and biochemical characteristics of strain T are given in the species description and in Table 1 or Fig. S1 (available in the online Supplementary Material). Sonicated in vivo extracts of strain JSSK-14 T showed no absorption peak maximum characteristic of bacteriochlorophyll a, but showed absorption peak maxima at 457 and 471 nm, indicating the presence of carotenoids. Strain JSSK-14
T was susceptible to carbenicillin, cefalotin, chloramphenicol, gentamicin, kanamycin, neomycin, novobiocin and tetracycline, but not to ampicillin, lincomycin, oleandomycin, penicillin G, polymyxin B or streptomycin.
Isoprenoid quinones were extracted and analysed as described by Komagata and Suzuki [23] , using reversedphase HPLC and a YMC ODS-A (250Â4.6 mm) column. The isoprenoid quinones were eluted by a mixture of methanol/isopropanol (1 : 1, v/v) using a flow rate of 1 ml min
À1
at room temperature and detected by UV absorbance at 275 nm. The predominant isoprenoid quinone detected in strain JSSK-14 T was ubiquinone-10 (Q-10), which is compatible with that found in the genus Erythrobacter [6, 11, 12, 24] ; a minor amount of Q-8 (approx. 4 %) was also present.
For cellular fatty acid analysis, cell masses of strain JSSK-14 T were harvested from MA plates after cultivation for 3, 5 and 7 days at 30 C and cell masses of Erythrobacter gangjinensis KCTC 22330 T , Erythrobacter atlanticus KCTC 42697 T , Erythrobacter luteus KCTC 42179 T and Erythrobacter longus DSM 6997 T were harvested from MA plates after cultivation for 5 days at 30 C. Fatty acids were saponified, methylated and extracted using the standard MIDI protocol (Sherlock Microbial Identification System, version 6.2B). The fatty acids were analysed by gas chromatography (model 6890; Hewlett Packard) and identified using the TSBA6 database of the Microbial Identification System [25] . The cellular fatty acid profiles of strain JSSK-14 T and the type strains of Erythrobacter gangjinensis, Erythrobacter atlanticus, Erythrobacter luteus and Erythrobacter longus are compared in Table 2 . The fatty acid profiles of strain JSSK-14
T from the three different growth phases were found to be similar ( Table 2 ). The major fatty acid (>10 % of the total fatty acids) found in strain JSSK-14 T was C 18 : 1 !7c ( Table 2 ). The fatty acid profiles of strain JSSK-14
T were similar to those of the type strains of the three phylogenetically closely related species of the genus Erythrobacter and Erythrobacter longus in that the major fatty acid was C 18 : 1 !7c, although there were differences in the proportions of some fatty acids, e.g. C 18 : 1 !7c, summed feature 3 (C 16 : 1 !6c and/or C 16 : 1 !7c) and 11-methyl C 18 : 1 !7c (Table 2) . Polar lipids were extracted according to the procedures described by Minnikin et al. [26] , and separated by two-dimensional TLC using chloroform/methanol/water (65 : 25 : 3.8, by vol.) for the first dimension and chloroform/ methanol/acetic acid/water (40 : 7.5 : 6 : 1.8, by vol.) for the second dimension as described by Embley and Wait [27] . Individual polar lipids were identified by spraying the plates with 10 % ethanolic molybdophosphoric acid and a-naphthol reagents [26] and with the ninhydrin spray, molybdenum blue spray and Dragendorff's reagents (Sigma). The major polar lipids detected in stain JSSK-14 T were phosphatidylcholine (PC), phosphatidylethanolamine (PE), phosphatidylglycerol (PG) and sphingoglycolipid (SGL); minor amounts of diphosphatidylglycerol and one unidentified glycolipid were also present (Fig. S2) . The polar lipid profile of strain JSSK-14 T was similar to that of the type strain of Erythrobacter longus in that PC, PE, PG and SGL were major polar lipids ( Fig. S2; [28] ).
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Erythrobacter gangjinensis K7-2 T (EU428782) T , the type strains of species of the genus Erythrobacter and representatives of some other related taxa. Only bootstrap values (expressed as percentages of 1000 replications) greater than 50 % are shown at branching points. Filled circles indicate that the corresponding nodes were also recovered in the trees generated with the maximum-likelihood and maximum-parsimony algorithms. Rhodospirillum rubrum ATCC 11170 T (GenBank accession no. D30778) was used as an outgroup (not shown). Bar, 0.01 substitutions per nucleotide position.
The DNA G+C content was determined by the method of Tamaoka and Komagata [29] with the modification that DNA was hydrolysed and the resultant nucleotides were analysed by reversed-phase HPLC with a YMC ODS-A (250Â4.6 mm) column. The nucleotides were eluted by a mixture of 0.55 M NH 4 H 2 PO 4 (pH 4.0) and acetonitrile (40 : 1, v/v), using a flow rate of 1 ml min À1 at room temperature and detected by UV absorbance at 270 nm. DNA from Escherichia coli (Sigma) was used as a standard and for calibration. The DNA G+C content of strain JSSK-14 T was 63.5 mol%, a value in the range reported for species of the genus Erythrobacter (Table 1) . T could be distinguished from the type strains of Erythrobacter gangjinensis, Erythrobacter atlanticus, Erythrobacter luteus and Erythrobacter longus by differences in several phenotypic characteristics, including motility, utilization of some substrates, susceptibility to some antibiotics, activity of some enzymes and DNA G+C contents (Table 1 ). These differences, in combination with the phylogenetic and genetic distinctiveness of strain JSSK-14 T , suggest that the novel strain is separated from other species of the genus Erythrobacter [31, 32] . On the basis of the phenotypic, chemotaxonomic, phylogenetic and genetic data, strain JSSK-14 T is considered to represent a novel species of the genus Erythrobacter, for which the name Erythrobacter aquimixticola sp. nov. is proposed.
DESCRIPTION OF ERYTHROBACTER AQUIMIXTICOLA SP. NOV
Erythrobacter aquimixticola (a.qui.mix.ti¢co.la. L. n. aqua water; L. part. adj. mixtus mixed; L. suff. cola inhabitant; N. L. masc. n. aquimixticola an inhabitant of mixed waters).
Cells are Gram-stain-negative, non-spore-forming, nonflagellated and coccoid, ovoid or rod-shaped, approximately 0.3-0.6 µm in diameter and 0.3-2.0 µm in length. Colonies on MA are circular, convex, glistening, deep orange-yellow in colour and 0.7-1.0 mm after incubation for 5 days at 30 C. Optimal growth temperature is 30 C; growth occurs at 10 and 37 C, but not at 4 or 40 C. Optimal pH for 
Utilization of: and salicin are not. In assays with the API ZYM system, activity of alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase and valine arylamidase is present and activity of naphthol-AS-BI-phosphohydrolase and a-glucosidase is present weakly, but activity of other enzymes is absent. Carotenoid pigments are produced, but bacteriochlorophyll a is not produced. The predominant ubiquinone is Q-10. The major fatty acid (>10 % of total fatty acids) is C 18 : 1 !7c. The major polar lipids are phosphatidylcholine, phosphatidylethanolamine, phosphatidylglycerol and sphingoglycolipid.
The type strain, JSSK- 14   T   (=KCTC 52764  T =NBRC  112765 T ), was isolated from water from the place where the ocean and a freshwater spring meet at Jeju island, South Korea. The DNA G+C content of the type strain is 63.5 mol%. 
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